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CLAIMS 



[Claim(s)] 

[Claim 1] The ladder mold SAW filter characterized by setting the electrode digit 
L of said IDT electrode and said grating reflector, and relation with a tooth space 
S to 0.55 <=L/(L+S) <=0.75 in the ladder mold SAW filter which arranges two or 
more SAW resonators which come to allot a grating reflector to an IDT electrode 
and its both sides along the propagation direction of a surface wave, and 
constitutes them on a lithium tantalate substrate. 

[Claim 2] The ladder mold SAW filter according to claim 1 characterized by using 
the lithium tantalate substrate whose cutting include angle theta is 38 degrees <= 
theta<=44 degrees. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the ladder mold SAW 
filter which has improved the attenuation slope near the pass band about a 
ladder mold SAW filter. 
[0002] 



[Description of the Prior Art] In recent years, especially many SAW devices in a 
cellular-phone vessel etc. are used from having the description which was used 
widely and was [ nature / high performance, small, / mass-production ] excellent 
in the communication link field. It is the so-called ladder mold SAW filter which 
used for RF stages, such as a cellular-phone machine, and has arranged 1 
terminal-pair surface acoustic wave resonator (SAW resonator is called 
hereafter) plurality to the average and a serial on the same piezo-electricity 
substrate at one sort of a **** SAW filter. Since it constituted only from a high 
SAW resonator of Q value compared with other electronic parts and the filter of 
steep attenuation slope was realizable while being a low insertion loss, the 
description of a ladder mold SAW filter came to be widely used as RF filters, 
such as a cellular phone, in recent years. 

[0003] Drawing 5 is the top view of the electrode pattern in which the 
configuration of one SAW resonator which forms a ladder mold SAW filter is 
shown, on the piezo-electric substrate 1 1 , arranges the grating reflectors 13a and 
13b on the IDT electrode 12 and its both sides along the propagation direction of 
a surface wave, and constitutes a SAW resonator. The IDT electrode 12 is 
constituted by the radial fin type electrode of the pair which has two or more 
electrode fingers put mutually in between, respectively, it is the IDT electrode 12, 
while goes away, uses a form electrode as an input terminal, and uses the radial 
fin type electrode of another side as an output terminal. 
[0004] The ladder mold SAW filter shown in drawing 5 (b) places and arranges 
the distance which does not do effect along the propagation direction of a surface 
wave mutually the SAW resonator shown in drawing 5 (a), and five same SAW 
resonators (14-18) on the piezo-electric substrate 11, and it connects it using a 
signal line 19, the ground electrode 20, and an earth wire 21 so that it may 
become ladder structure to juxtaposition, a serial, juxtaposition, and .. one by one 
about them. 

[0005] If the electrical equivalent circuit of a ladder mold SAW filter shown in 
drawing 5 (b) is typically expressed using the sign showing a piezo resonator (a 



SAW resonator is also one sort of a piezo resonator), it will become the ladder 
mold circuit shown in drawing 6 R> 6. That is, the SAW resonators 15, 16, and 
17 are connected to the serial arm for the SAW resonators 14 and 18 to the 
input/output terminal at the juxtaposition arm among each component shown in 
drawing 5 (b). If the frequency and many electric constants of each SAW 
resonator which are shown in drawing 6 are set up according to the filter theory 
and termination is carried out suitably, functioning as a band pass filter of an 
owner pole configuration is known well. 

[0006] It is indicated that the insertion loss at the time of forming a ladder mold 
SAW filter on a lithium tantalate (LiTa03) substrate, attenuation slope, etc. are 
greatly dependent on cutting bearing and electrode layer thickness of a substrate 
as amelioration of a SAW device is progressing quickly every year, for example, 
is indicated by JP,9-167936,A. That is, if a ladder mold SAW filter is formed so 
that electrode layer thickness H/lambda (wavelength of the surface wave by 
which lambda is excited) may fulfill 0.07 <= H/lambda <=0.1 and the conditions 
whose cutting bearings Y of a substrate are 38 degrees <= Y<=44 degrees, while 
an insertion loss will turn into low loss, it is described that a ladder mold SAW 
filter with the steep attenuation slope near the pass band is obtained. 
[0007] drawing 7 - a piezo-electric substrate - 42-degreeY-X LiTa03 -- using - 
an electrode - thickness H/lambda of an aluminium alloy - 0.08 and an IDT 
electrode - 100 pairs of logarithms The filtering property of the filter which 
connected to parallel series five SAW resonators which used crossover width of 
face W of 100 and an electrode finger to 30lambda, and used resonance 
frequency as the 880MHz band for the number of a reflector, respectively as 
shown in drawing 6 in drawing for which it asked by simulation Overwrite of the 
thing A which expanded and illustrated only the thing B and pass band which 
were illustrated including the inhibition zone about the filter shape is carried out. 
The loss (Loss) of the expanded filter shape supports to a right-hand side axis of 
ordinate, and the frequency (Freq.) supports the numeric value of the lower berth. 
In addition, As shown by hatching shows the specification of a pass band, and Bs 



shows the specification of a decay area. In addition, the electrode digit (Rhine 
width of face) L and the dimension (tooth-space width of face is called hereafter) 
of the tooth space S between electrode fingers are set up equally. 
[0008] 

[Problem(s) to be Solved by the Invention] however - a U.S. AMPS method - 
the frequency of a 900MHz band -- using - frequency spacing of transmission 
and reception - 20MHz - it is - a fractional bandwidth - 4.5% of RF filter - 
being required -- it receives, and it will be necessary for frequency spacing of 
transmission and reception to continue being 20MHz although the frequency 
band shifted to the 1.9GHz band, and to make steeper attenuation slope 4.0% of 
fractional bandwidths, a narrow-band, and near the pass band compared with the 
conventional thing as an RF filter by the new PCS method There was a problem 
that it was very difficult to fill new specification with the above-mentioned ladder 
mold SAW filter. It is made in order that this invention may solve the above- 
mentioned problem, and it aims at offering the ladder mold SAW filter which has 
improved attenuation slope. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
it found out that the purpose could be attained if it is made to be the following as 
a result of examining the relation between the electrode digit L of IDT, and the 
tooth-space width of face S in this invention. That is, invention according to claim 
1 is a ladder mold SAW filter characterized by setting the electrode digit L of an 
IDT electrode and a grating reflector, and relation with a tooth space S to 0.55 
<=L/(L+S) <=0.75 in the ladder mold SAW filter which arranges two or more SAW 
resonators which come to allot a grating reflector to an IDT electrode and its both 
sides along the propagation direction of a surface wave, and constitutes them on 
a piezo-electric substrate. Invention according to claim 2 is a ladder mold SAW 
filter according to claim 1 characterized by using the lithium tantalate substrate 
whose cutting include angle theta is 38 degrees <= theta<=44 degrees. 
[0010] 



[Embodiment of the Invention] This invention is explained to a detail based on the 
gestalt of operation shown in the drawing below. Drawing 1 is the top view 
showing the configuration of the ladder mold SAW filter concerning this invention, 
and five SAW resonators (SAW resonators 2-6) which were explained by drawing 
5 on the piezo-electric substrate 1 are allotted, it connects with the average and a 
serial using the lead electrode 7 and two or more electrode pad 8 a-e, and it 
constitutes a ladder mold SAW filter. Each SAW resonator 2-6 ** distance which 
does not do effect mutually, and is arranged. Moreover, electrode pad 8a, an 
input terminal IN, and electrode pad 8b and an output terminal OUT are 
electrically connected using wirebonding, and the electrode pads 8c-8e are 
grounded, respectively, and constitute a ladder mold SAW filter. 
[001 1] In order to improve the insertion loss of a ladder mold SAW filter, and the 
attenuation slope near the pass band, it is necessary to improve the property R 
of the SAW resonator which constitutes the filter, for example, electrical 
equivalent resistance, a capacity factor gamma, etc. Then, like drawing 2 which 
shows some sectional views of a SAW resonator, when an electrode digit (Rhine 
width of face) L and the tooth-space width of face S were defined, the artificer 
repeated the experiment variously so that he may ask for the electrical equivalent 
resistance R of the ratio of an electrode digit L to both sum, i.e., Rhine pulse duty 
factor L/(L+S) and a SAW resonator, and the relation of a capacity factor gamma. 
In addition, in this drawing, lambda is equivalent to one wave, and H is the 
thickness of an electrode layer and, generally expresses the thickness of a SAW 
resonator by H/lambda. a piezo-electric substrate - 42-degreeY-X LiTa03 - 
using - an electrode - thickness H/lambda of an aluminium alloy -- 0.08 and an 
IDT electrode - the logarithm was set to 30lambda and the frequency used [ the 
logarithm ] the number of 100 pairs and a reflector as the 900MHz band for the 
crossover width of face W of 100 and an electrode finger, respectively. Rhine 
pulse duty factor L/(L+S) was changed in the unit of 0.1 from 0.3 to 0.7, the circle 
diagram and the resonance characteristic at that time were measured, and it 
measured resonance frequency fs, antiresonant frequency fa, a capacity factor 



gamma, equivalent resistance R, and spurious one. 

[0012] The circle diagram and the resonance characteristic which were shown in 
drawing 2 (b) and (c) are a measured example, and, as for resonance frequency 
and Point beta, Point alpha shows antiresonant frequency. Drawing 3 (a) and (b) 
are drawings which divided into a capacity factor gamma and the electrical 
equivalent resistance R the data obtained from the above measurement, 
respectively, and plotted them to Rhine pulse duty factor L/(L+S). Drawing 3 (a) 
shows that a capacity factor gamma serves as the minimum value when Rhine 
pulse duty factor L/(L+S) is about 0.47. Moreover, along with the increment in the 
Rhine pulse duty factor, the electrical equivalent resistance R tends to decrease 
in general from drawing 3 (b). 

[0013] The artificer's capacity factor gamma was small, and although the 
insertion loss was small when a ladder mold SAW filter was constituted using a 
small SAW resonator, and the attenuation slope near the pass band thought that 
it became steep and being experimented, when the capacity factor gamma 
constituted the ladder mold SAW filter from the minimum value using the SAW 
resonator of a big value for a while, pass band bandwidth had the capacity factor 
gamma equivalent to the min thing, and equivalent resistance R found out that 
the attenuation slope near the pass band became steep rather. 
[0014] Then, 42-degreeY-X LiTa03 is used for a piezo-electric substrate that the 
above-mentioned thing should be checked, an electrode - thickness H/lambda of 
an aluminium alloy - 0.08 and an IDT electrode - 100 pairs of logarithms The 
filtering property of the filter which connected the number of a reflector to that of 
drawing 6 for five SAW resonators which used crossover width of face W of 100 
and an electrode finger to 30lambda, and used resonance frequency as the 
880MHz band, respectively like at parallel series It asked by simulation using 
experimental values, such as the capacity factor gamma of the aforementioned 
SAW resonator, and the electrical equivalent resistance R. Drawing 4 is drawing 
having shown the filtering property when the capacity factor gamma of a SAW 
resonator sets it as the Rhine pulse duty factor 0.7 which presents a big value for 



a while from the minimum value, and overwrite of the thing A which expanded 
and illustrated only the thing B and pass band which were illustrated including the 
inhibition zone about the filter shape is carried out. The frequency (Freq.) 
supports [ the loss (Loss) of the expanded filter shape ] the right-hand side axis 
of ordinate to the numeric value at the lower berth. In addition, As which 
performed hatching shows the specification of a pass band, and Bs shows the 
specification of a decay area. It turns out that the ladder [ pulse duty factor / 
Rhine ] mold SAW filter using 0.7 of the attenuation slope near the pass band is 
steeper so that clearly from drawing 4 and drawing 7 . 

[0015] Furthermore, although, as for the pass band width of the place decreased 
1 .5dB from the minimum loss, both showed the almost same value when drawing 
4 and 7 were examined in the detail, it turned out that the direction of the ladder 
mold SAW filter which used the Rhine pulse duty factor 0.7 has become narrower 
about about 7% than the filter of the Rhine pulse duty factor 0.5 as for the 
bandwidth of the place decreased 30dB. That is, from the filter with which the 
direction of the ladder mold SAW filter which set the Rhine pulse duty factor as 
0.7 set the Rhine pulse duty factor as 0.5, 1 hear that the attenuation slope near 
the pass band becomes steep, and there is. Furthermore, when the experimental 
value was used for a capacity factor gamma, the electrical equivalent resistance 
R, etc., the Rhine pulse duty factor was made into the parameter, the filtering 
property of a ladder mold SAW filter was searched for by simulation, and Rhine 
pulse duty factor L/(L+S) filled the relation of 0.55 <= L/(L+S) <=0.75, it turned 
out that attenuation slope is improved from the conventional filter made into the 
Rhine pulse duty factor 0.5. 

[0016] Although it asked for the relation by which the attenuation slope near the 
pass band is improved in the above explanation about the case where the IDT 
electrode of the SAW resonator arranged on the piezo-electric substrate and the 
Rhine pulse duty factor of a grating reflector are changed by the same ratio, 
since resonance frequency will also change if the Rhine pulse duty factor is 
changed, it cannot be overemphasized that the wavelength of a grating reflector 



is adjusted so that it may become the optimal to the bandwidth of a filter about 
the center of the stop band which a grating reflector forms. 
[0017] Moreover, although the above explanation explained the cutting include 
angle theta of a lithium tantalate substrate about the case where 42 degrees is 
used, even if it used the cutting include angle of the range whose cutting include 
angle is 38 degrees <= theta<=44 degrees, the same result as the above was 
obtained. Moreover, it is 0.07<=, without restricting to this value, although the 
case of 0.08 was explained about electrode layer thickness H/lambda. The result 
with the same said of what was set as the range of H/lambda <=0.1 was obtained. 
[0018] 

[Effect of the Invention] Since this invention was constituted as explained above, 
it became possible [ making attenuation slope near the pass band steep ]. 
Therefore, it is **** about the outstanding effectiveness that the cellular phone 
which was excellent in communication link quality when using the filter which 
becomes this invention for RF filters, such as a cellular phone of a 1.9GHz band, 
is realizable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the configuration of the ladder mold SAW 
filter concerning this invention. 

[Drawing 2] (a) They are drawing explaining the Rhine pulse duty factor, the (b) 
circle diagram, and drawing showing (c) resonance characteristic. 
[Drawing 3] (a) They are drawing showing the relation between Rhine pulse duty 
factor L/(L+S) and a capacity factor gamma, and drawing showing the relation 
between (b) Rhine pulse duty factor L/(L+S) and the electrical equivalent 
resistance R. 

[Drawing 4] It is drawing showing the filtering property of the ladder mold SAW 
filter concerning this invention. 

[Drawing 5] (a) They are drawing showing the configuration of a SAW resonator, 

and drawing showing the configuration of (b) ladder mold SAW filter. 

[Drawing 6] It is the electrical equivalent circuit of a ladder mold SAW filter. 

[Drawing 7] It is drawing showing the filtering property of the conventional ladder 

mold SAW filter. 

[Description of Notations] 

1 Piezo-electric substrate 

2, 3, 4, 5, 6 .. SAW resonator 

7 .. Lead electrode 

8a, 8b, 8c, 8d, 8e .. Electrode pad 

L .. Electrode digit (Rhine width of face) 

S Tooth space 

lambda .. Wavelength 

H .. Electrode layer thickness 

alpha Resonance point 

beta Antiresonance point 

A .. Pass band property 

B .. Decay area property 



As Specification of a passband 
Bs Specification of a decay area 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



,N 2 7 7 6 OUT 




[Drawing 6] 



14 18 




[Drawing 2] 




2.0 




0.2 
O.O 



0.20 030 0.40 0.50 0.60 0.70 O.BO 
7-r>t5#l*(L/{L+S)) 



[Drawing 5] 




[Drawing 4] 
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